T , was isolated from activated sludge collected from a butachlor wastewater treatment facility. The strain was able to degrade about 85 % of 100 mg butachlor l "1 within 5 days of incubation. Growth occurred in the presence of 0-6 % (w/v) NaCl [optimum, 1 % (w/v) NaCl] and at pH 5.5-9.0 (optimum, pH 7.0) and 15-35 6C (optimum, 25-30 6C) . Vesicular internal membrane structures and photoheterotrophic growth were not observed. The major respiratory quinone was ubiquinone 10 (Q-10) and the major cellular fatty acids were C 18 : 1 v7c and 11-methyl C 18 : 1 v7c. The genomic DNA G+C content of strain DCA-1 T was 62.5 mol%. Phylogenetic analysis based on 16S rRNA gene sequence comparison revealed that strain DCA-1 T was a member of the family Rhodobacteraceae and was related most closely to the type strain of Catellibacterium aquatile (96.5 % sequence similarity). The combination of phylogenetic analysis, phenotypic characteristics and chemotaxonomic data supports the suggestion that strain DCA-1 T represents a novel species of the genus Catellibacterium, for which the name Catellibacterium caeni sp. nov. is proposed. The type strain is DCA-1 T (5CGMCC 1.7745 T 5DSM 21823 T ). In addition, based on the characterization data obtained in this study, it is proposed that Rhodobacter changlensis should be reclassified as Catellibacterium changlense comb. nov. (type strain JA139 T 5DSM
T 5CCUG 53722 T 5JCM 14338 T ). An emended description of the genus
Catellibacterium is also presented.
The genus Catellibacterium, belonging to the family Rhodobacteraceae, was first proposed by Tanaka et al. (2004) with the description of Catellibacterium nectariphilum. Recently, a second species, Catellibacterium aquatile, was proposed by Liu et al. (2010) , with an emended description of the genus. During an investigation of the microbial diversity of a butachlor [N-(butoxymethyl)-2-chloro-N-(2,6-diethylphenyl)acetamide] wastewater treatment facility in Jiangsu Province, China, a butachlor-degrading, Gram-negative bacterium, designated strain DAC-1 100 mg butachlor l 21 at 30 u C for 5 days. After primary isolation, the strain was purified by repeated streaking and subculturing (four or five times) on LB agar plates and examining the cultures by light microscopy. The isolate was preserved both on LB agar slants at 4 u C and as 20 % (v/v) glycerol stocks at 280 u C. Three reference strains, C. aquatile A1-9 T , C. nectariphilum JCM 11959
T and Rhodobacter changlensis JCM 14338 T , which were employed as controls in phenotypic tests (including chemotaxonomic studies), were obtained from the Institute of Microbiology, Chinese Academic Sciences (Beijing, China), and the Japan Collection of Microorganisms (Wako, Saitama, Japan). Unless indicated otherwise, morphological, physiological, biochemical, molecular and chemotaxonomic studies were performed with cells grown on LB/10 agar (1.0 g tryptone, 0.5 g yeast extract, 1.0 g NaCl and 15 g agar l
21
, pH 7.0) at 30 u C.
Cell morphology was examined by using light microscopy (BH-2; Olympus) and transmission electron microscopy (JEOL; Japan). Internal membrane structures were viewed with a transmission electron microscope after the cells had been processed as described by Hanada et al. (2002) . Gram staining and the KOH lysis test were carried out according to Smibert & Krieg (1994) and Gregersen (1978) , respectively. Growth was tested at 4 u C and at 5-50 u C (in increments of 5 u C) and at pH 5.0-11.0 (in increments of 0.5 pH units) on LB/10 agar as well as in LB/10 medium. Tolerance of NaCl was tested on LB/10 agar as well as in LB/10 medium at 0-8 % (w/v) NaCl (in increments of 0.5 %). Indole production and the Voges-Proskauer test were assessed as described by Smibert & Krieg (1994) . Decomposition of starch, Tweens 20 and 80 and tyrosine was determined as described by Cowan & Steel (1965) . Nitrate reduction was determined as described by Lányí (1987) . Growth was examined by measuring the turbidity of cultures incubated at 30 u C in 150 ml Erlenmeyer flasks containing 40 ml medium. Growth under anaerobic conditions was determined on LB agar supplemented with 0.5 % (w/v) glucose with or without 0.1 % (w/v) nitrate by using the GasPak Anaerobic System (BBL) according to the manufacturer's instructions. Phototrophic growth was assessed in minimal medium in completely filled screw-capped bottles under incandescent illumination (2000 lx); sodium succinate, sodium malate, sodium pyruvate, sodium citrate and glucose (4.0 g l 21 ) were added as electron donors. The ability of the strain to degrade butachlor was determined according to the methods described by Chakraborty & Bhattacharyya (1991) . In vivo pigment-absorption spectrum analysis was examined as described by Yoon et al. (2004) using a UV-Vis spectrophotometer (UV-2450; Shimadzu). Observation of motility and tests of catalase and oxidase activities were conducted as described previously (Chen et al., 2007) . Other enzyme activities and physiological and biochemical tests were also conducted by using API ZYM and API 20NE strips (bioMérieux) according to the manufacturer's instructions.
Strain DCA-1 T was strictly aerobic and the cells were Gramnegative, non-motile, non-sporulating rods ( Supplementary  Fig. S1 , available in IJSEM Online). Colonies were pale yellow, convex and circular with entire margins. The strain grew in presence of 0-6 % (w/v) NaCl (optimum 1 %), at 15-35 u C (optimum 25-30 u C) and at pH 5.5-9.0 (optimum pH 7.0). Photoheterotrophic growth was not observed. Vesicular internal membrane structures and photosynthetic pigments were not detected ( Supplementary Fig. S1 ). Strain DCA-1 T was able to degrade about 85 % of 100 mg butachlor l 21 initially added to the minimal medium within 5 days ( Supplementary Fig. S2 ). Detailed morphological, physiological and biochemical characteristics of strain DCA-1 T are summarized in the species description and in Table 1 .
The 16S rRNA gene sequence was amplified by PCR and sequenced as described by Cui et al. (2001) . Pairwise sequence similarity was calculated by using a global alignment algorithm, implemented at the EzTaxon server (Chun et al., 2007) . Phylogenetic analysis was performed by using the software package MEGA version 4.1 (Tamura et al., 2007) after multiple alignment of the sequence data with CLUSTAL_X (Thompson et al., 1997) . Distances were calculated by using distance options according to Kimura's two-parameter model (Kimura, 1980) and clustering was performed with the neighbour-joining method (Saitou & Nei, 1987) . Maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Kluge & Farris, 1969) trees were generated by using the treeing algorithms contained in the PHYLIP package (Felsenstein, 2002) . Confidence values for the branches of phylogenetic trees were determined by using bootstrap analyses (based on 1000 resamplings) (Felsenstein, 1985) .
An almost-complete 16S rRNA gene sequence (1435 nt) was determined. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain DCA-1 T was a member of the family Rhodobacteraceae and was related most closely to the type strain of C. aquatile (96.5 % sequence similarity); less than 95.5 % 16S rRNA gene sequence similarity was observed with other species of the Rhodobacteraceae. In the neighbour-joining phylogenetic tree, strain DCA-1 T formed a separate lineage with the type strains of C. aquatile, R. changlensis (95.4 %; Anil and C. nectariphilum (94.3 %) (Fig. 1) . Moreover, R. changlensis was also robustly included in the clade formed by the type strains of Catellibacterium species. The topology was similar to those of phylogenetic trees reconstructed by using the maximum-likelihood and maximum-parsimony methods (Supplementary Fig. S3 ).
Therefore, it would appear that, on the basis of the phylogenetic data, strain DCA-1 T represents a novel species of the genus Catellibacterium according to accepted criteria (Stackebrandt & Goebel, 1994) , and that R. changlensis is highly related to the genus Catellibacterium.
DNA was isolated according to the method of Hopwood et al. (1985) and the G+C content was determined by using the thermal denaturation method (Mandel & Marmur, 1968) . Analysis of respiratory quinones was carried out by the Identification Service of the DSMZ and Dr Brian Tindall (DSMZ, Braunschweig, Germany). Fatty acids were determined as described by Sasser (1990) using the Microbial Identification System (MIDI; Microbial ID).
The chemotaxonomic data obtained for strain DCA-1 T were consistent with the assignment of the strain to the genus Catellibacterium (Tanaka et al., 2004; Liu et al., 2010) . The DNA G+C content of strain DCA-1 T was 62.5 mol%. The strain contained ubiquinone 10 (Q-10) (87.4 %) as the predominant respiratory quinone. The fatty acid profile of strain DCA-1 T was similar to those of the type strains of the two Catellibacterium species and R. changlensis, although there were differences in the proportions of some components ( Table 2 ). The major fatty acids .5-9.0 5.5-9.0 6.0-8.0 6.5-9.0 NaCl (%, w/v) 0-6 0-1 0-2.5 0-4 H 2 S production -
Alkaline phosphatase
*Utilization of various carbon sources was tested in minimal medium with each carbon source added at a final concentration of 4.0 g l 21 .
(.10 % of the total) of strain DCA-1 T were C 18 : 1 v7c (67.7 %) and 11-methyl C 18 : 1 v7c (13.3 %).
On the basis of the results of the phylogenetic analysis and of morphological and chemotaxonomic investigations, strain DCA-1 T represents a novel species of the genus Catellibacterium, for which the name Catellibacterium caeni sp. nov. is proposed.
Rhodobacter changlensis was proposed by Anil based on the fact that the type strain had some characteristics typical of genus Rhodobacter, such as the presence of intracytoplasmic membrane structures and carotenoids and phototrophic growth, but there was strong evidence from our phylogenetic analysis that R. changlensis was highly related to members of the genus Catellibacterium and was clearly separated from other members of the genus Rhodobacter in phylogenetic trees (three tree-making methods). Additionally, the fatty acid profile and DNA G+C content of R. changlensis JCM 14338
T were similar to those of the type strains of the two Catellibacterium species and strain DCA-1 T . Accordingly, it is also proposed that Rhodobacter changlensis should be reclassified as Catellibacterium changlense comb. nov. This proposal necessitates an emended description of the genus Catellibacterium.
Description of Catellibacterium caeni sp. nov.
Catellibacterium caeni (cae9ni. L. gen. n. caeni of sludge).
Cells are non-sporulating, non-motile, catalase-and oxidase-positive, strictly aerobic, Gram-negative rods, approximately 0.6-0.7 mm wide and 1.8-4.5 mm long. Colonies are pale yellow-pigmented, convex and nontranslucent with circular margins, 1-2 mm in diameter after incubation on LB/10 agar at 30 uC for 2-3 days. No diffusible pigments are produced. Growth occurs in 0-6 % (w/v) NaCl (optimum, 1 %) at pH 5.5-9.0 (optimum, pH 7.0) and 15-35 u C (optimum, 25-30 u C). Vesicular internal membrane structures and photosynthetic pigments are not present. Photoheterotrophic growth is not observed. Negative for urease activity, nitrate reduction, indole and H 2 S production and decomposition of starch, Tweens 20 and 80 and tyrosine. The following compounds are utilized as carbon sources: fructose, D-galactose, glucose, maltose, sucrose, 2,3-butanediol, glycerol, methanol, D-sorbitol, propionic acid, acetate, citrate, formate, malate, pyruvate and succinate. The following substances are not utilized: L-arabinose, lactose, trehalose, xylose, glutamate, adonitol, D-mannitol, D-ribose, benzoate and phenylacetic acid. Major fatty acids (.10 % of the total) are C 18 : 1 v7c and 11-methyl C 18 : 1 v7c. The major isoprenoid quinone is Q-10. The DNA G+C content of the type strain is 62.5 mol%. Additional physiological, biochemical and chemotaxonomic properties are listed in Tables 1 and 2. The type strain, DCA-1 T (5CGMCC 1.7745 T 5DSM 21823 T ), was isolated from activated sludge in a butachlor wastewater treatment facility in Jiangsu Province, China. The description is the same as that given for Rhodobacter changlensis by Anil with some changes listed in Tables 1 and 2 The formal description as given by Tanaka et al. (2004) and emended by Liu et al. (2010) remains correct except that some species are photoheterotrophic. 
Description of Catellibacterium changlense

